Objective: A novel type of statistical time-frequency analysis was developed to elucidate changes of highfrequency EEG activity associated with epileptic spikes. Methods: The method uses the Gabor Transform and detects changes of power in comparison to background activity using t-statistics that are controlled by the false discovery rate (FDR) to correct type I error of multiple testing. The analysis was applied to EEGs recorded at 2000 Hz from three patients with mesial temporal lobe epilepsy. Results: Spike-related increase of high-frequency oscillations (HFOs) was clearly shown in the FDR-controlled t-spectra: it was most dramatic in spikes recorded from the hippocampus when the hippocampus was the seizure onset zone (SOZ). Depression of fast activity was observed immediately after the spikes, especially consistently in the discharges from the hippocampal SOZ. It corresponded to the slow wave part in case of spike-and-slow-wave complexes, but it was noted even in spikes without apparent slow waves. In one patient, a gradual increase of power above 200 Hz preceded spikes. Conclusions: FDR-controlled t-spectra clearly detected the spike-related changes of HFOs that were unclear in standard power spectra. Significance: We developed a promising tool to study the HFOs that may be closely linked to the pathophysiology of epileptogenesis.
Introduction
Recent development of digital EEG recording with high sampling frequency rates (1000-2000 Hz) has facilitated observation of high-frequency activity of up to 600 Hz (Le Van Quyen et al., 2006) . High-frequency oscillations (HFOs) ranging from 80 to 250 Hz (ripples) can be recorded from the hippocampus and entorhinal cortex of normal rodents (Buzsáki et al., 1992; Chrobak and Buzsáki, 1996) and also from human hippocampus (Bragin et al., 1999a) . In kainic acid-treated rats and patients with mesial temporal lobe epilepsy, even faster HFOs of 250-500 Hz (fast ripples) have been detected using microelectrodes or microwires from regions close to the epileptogenic lesion, and are suggested to reflect pathological hypersynchronous events crucially associated with seizure generation (Bragin et al., 1999a,b; Staba et al., 2002; Rampp and Stefan, 2006) . Jirsch et al. (2006) demonstrated for the first time that HFOs in the range of 100-500 Hz can be recorded from human epileptic patients during focal seizures using depth macroelectrodes: they made an important advance for the study of HFOs that had been limited by the mandatory usage of microelectrodes or microwires to record fast ripples.
The interictal epileptic spikes on EEG are traditional indications of epileptic irritability of the brain. An epileptic spike sometimes occurs together with a slow wave immediately following the spike and then is referred to as a spike-and-slow-wave complex. Urrestarazu et al. (2006) found using depth macroelectrodes that the power of high-frequency activity above 100 Hz is decreased during the period immediately following spikes, and that this decrease is prominent in the hippocampus but less consistent in amygdala and neocortex. It was indicated that the reduction in fast activity could reflect a depression in neuronal activity during post-spike slow waves. Experimental studies have shown an inhibitory action of neuronal hyperpolarization caused by both intrinsic and synaptic mechanisms in the slow wave phase following the paroxysmal depolarization shift (PDS) that corresponds to spikes (Ayala et al., 1973; Neckelmann et al., 2000) . Given a hypothesis that reduction of the inhibitory action, especially altered balance between excitation and inhibition, is involved in epileptogenesis (Ayala et al., 1973) , further analysis with respect to the changes of
